Purpose This study aims to simultaneously examine individual-and community-level factors associated with railway suicide. Methods We performed a case-control study in Victoria, Australia between 2001 and 2012. Data on cases of railway suicide were obtained from the National Coronial Information System (a database of coronial investigations). Controls were living individuals randomly selected from the Household, Income and Labour Dynamics in Australia study, matching to cases on age groups, sex and year of exposures. A conditional logistic regression model was used to assess the individual-level and community-level influences on individual odds of railway suicide, controlling for socioeconomic status. Results Individual-level diagnosed mental illness increased railway suicide odds by six times [95 % confidence interval (CI) 4.5, 9.2]. Community-level factors such as living in an area with a presence of railway tracks [odds ratio (OR) 1.8, 95 % CI 1.2, 2.8], within a city (OR 3.2, 95 % CI 1.9, 5.4), and with a higher overall suicide rate (OR 1.02, 95 % CI 1.01, 1.04) were independently associated with greater individual odds of railway suicide compared to living in an area without a presence of railway tracks, outside a city, and with a relatively lower overall suicide rate. Conclusions The effects of mental illness and high incidence of overall suicides are prominent, but not specific on railway suicide. The effects of presence of railway tracks and city residence suggest the importance of accessibility to the railways for individual risk of railway suicide. Prevention efforts should focus on vulnerable people live in areas with easy access to the railways.
Introduction
Although railway suicides are relatively rare, when they do occur, the event can be highly distressing for families and friends of the decreased, the person driving the train at the time, and any witnesses. Previous studies on railway suicide have largely focused on describing its epidemiology (prevalence, lethality and risk factors) at the individual level. In general, these studies show that people who die by railway suicide are predominantly male, young in age, single or never married, and unemployed or not in the labour force [1] . A prior diagnosis of a mental illness is common as is psychiatric treatment before suicide [2] . Alcohol and/or drug abuse prior to death has sometimes been identified as a factor [2] . Several studies have identified clusters of railway suicides and some studies have shown that these clusters tended to be located in the vicinity of mental health institutions [3] [4] [5] .
However, despite knowing some of the environmental factors associated with railway suicides, few studies have explored railway suicide risk in relation to rail-specific risk factors (some of which may be highly modifiable). The available evidence is that high train frequency, high passenger volume, availability of fast trains, presence of drug users at stations, high drug-related crime rates in the station's surrounding, and presence of a wall dividing two sides of station platform were all associated with an increased risk of railway suicide [6, 7] . Irresponsible media reporting had a moderately strong impact on copycat behaviours, where railway suicide acts increased following detailed and extensive media reporting of a railway suicide [8, 9] .
In a recent study of railway suicides in Victoria, Australia, we found that high-risk areas for railway suicide were characterized by high station density, high patronage volume and high train frequency [10] . However, this study used an ecological design and did not consider the effects of any individual-level factors beyond age and sex. In the present study, we seek to extend this work by simultaneously examining the individual-and community-level factors associated with railway suicide. A case-control study was performed to compare those who died by railway suicide in Victoria, Australia between 2001 and 2012 to living controls.
Methods

Case selection
Information on railway suicides was obtained from the National Coronial Information System (NCIS). The NCIS is a national internet-based data storage and retrieval system of deaths reported to an Australian coroner. It contains four reports generated for coroners' death investigation. This includes the police summary of circumstances, the autopsy report, the toxicology report, and the coroners' findings. It also contains socio-demographic information (e.g., age, sex, marital status, and employment status), usual residential address and ICD-10 coding of the cause of death.
Deaths classified as intentional self-harm by railway vehicle (ICD-10 code X81) or involved ''rail vehicle'' were extracted from the NCIS and cross-referenced with railway suicides data provided by the Coroners Court of Victoria. We included data from 2001 to 2012 because the most complete data are available from the NCIS for these years. We excluded any cases that: (1) were still under investigation on the date of data extraction (11 August 2015) (n = 21); (2) had missing usual residential postcode (n = 6); (3) where the deceased usually resided outside Victoria (n = 2); or (4) were of a person aged under 15 years old (because no corresponding controls were available for people under the age of 15) (n = 4).
Control selection
Controls were a random sample of living subjects obtained from the Household, Income and Labour Dynamics in Australia (HILDA) Survey [11] , who resided in Victoria during the study period. Living controls were selected because they were directly from the source population (or referred to as primary base) where the cases originated. The importance of sampling from the primary base has been emphasized by several researchers [12, 13] as this provides a better indication of the distribution of the exposures (e.g., unemployment and mental health) among the controls compared to sampling from a secondary base (used when sampling from the primary base is not possible). Using a secondary base (e.g., people who died from natural causes) introduces two key problems: (1) those who died by natural causes are, by definition, not at risk of suicide (and therefore not part of the source population), and (2) it may not be possible to gather comparable data on the exposures, thus lessening the ability to assess whether these exposures are the risk factors for cases.
HILDA is a nationally-representative, longitudinal study of Australian residents aged 15 years and over [11] . It has been conducted annually since 2001 and gathers information on a variety of factors, including demographic, social, economic and health measures using a combination of face-to-face interviews and a self-completion questionnaire. HILDA subjects have multiple observations (they are surveyed annually). To avoid including data from the same control subject more than once in the analyses, in our primary analysis we randomly selected data from each control only once. The use of a longitudinal cohort as the control population enabled us to match cases on year of exposures (i.e., the exposure information from cases in the year of death was matched to the exposure information for controls based on the year of interview), seven age categories and sex. This enabled us to match on average 1.9 controls for each case. Examination of the matches indicated that the groups where the ratio of cases to controls fell below this level were for the older age groups (greater than 55 years). In these age groups, the match was ranged from 1.2:1 to 1.8:1.
Outcome and exposure variables
The outcome was a binary variable coded ''1'' if the individuals were a case (i.e., they had died by railway suicide) and ''0'' if they were a living control. Our exposure variables included individual-level variables-marital status at the time of death/interview, employment status at the time of death/ interview, and diagnosed mental illness. These data were extracted from the NCIS for each case and from the HILDA for each control. They were available every year during the period of interest. In cases, diagnosed mental illness was defined as a coronial record of a diagnosed mental illness in the 12 months prior to the suicide. For controls, information on mental health was obtained through the five-item Mental Health Inventory (MHI-5) of Short Form 36 from the HILDA study. We used a cut-off score of 65 to screen whether a living control had a diagnosed mental illness. This cut-off was selected because an initial analysis showed that the estimate of diagnosed mental illness in our controls calculated using this score was closer to the estimate of 27 % prevalence in the controls suggested in a recent systematic review on suicide [14] . This score has also been proposed by some researchers assessing the cut-off of the MHI-5 for any mental health diagnosis in the general population [15] .
We also included a number of environmental measures, which were all captured at the postcode level. These included community-level social fragmentation, socioeconomic status, train-related measures, number of assaults, density of alcohol outlets, number of mental health services and overall suicide rate (see supplementary table for their details in terms of year(s) of availability, operational definition, and source). Nine measures related to trains were categorised into availability of (e.g., train frequency), accessibility to (e.g., number of surveillance units) and familiarity with (e.g., volume of station patronage) trains.
Statistical analysis
We used a conditional logistic regression model to assess the effects of individual and community variables on individual risk of railway suicide. This model was selected because it allows matching controls with cases on potential confounders to eliminate their effects on the associations between exposure variables and outcome variable [16] . All coefficients were exponentiated and interpreted as odds ratios (ORs). As some of our train-related exposure variables had values of either zero (representing no exposure) or a positive number (representing, for example average train speed), we coded these variables using the procedure recommended by Robertson and his colleagues [17] . By doing this, the odds estimations of the dose-response for all these train-related variables were based solely on those who were exposed to railway tracks.
We commenced with univariate analyses to estimate unadjusted ORs for all variables. Variables that had a significant association (p value \0.05) at this step were introduced in the multivariate models separately for individual-level and community-level. Statistically significant variables in these multivariate analyses were then carried forward and tested together in a final multilevel multivariate model, controlling for known confounders (a confounder that is known to influence the relationship between an exposure and an outcome, such as local socioeconomic status can distort the magnitude of the relationships between train-related factors and railway suicide as the socioeconomic status of an area where a train station is built is likely to be improved [18] ). We also investigated possible interactions between individual and community variables. All analyses were conducted using Stata 13.1.
Sensitivity analysis
Given the growing interest in studying determinants of public health problems at multiple levels using multilevel model [19] , we performed a sensitivity analysis to assess whether the estimates from the population averaged multilevel model were different from the estimations from the conditional logistic regression model. To conduct population averaged multilevel analysis, we reselected controls matching to cases only on year of exposures. This enabled us to obtain up to five controls for each case every year. We then performed the same analysis procedures when applying population averaged multilevel model as when using conditional logistic regression model (indicated above), but adjusting for age and sex in the model.
Results
Demographic characteristics
Three hundred and forty-three railway suicides occurring in Victoria from 2001 to 2012 were included in this study. Of these cases, 71 % were male and 29 % were female, with a mean age of 39 years [standard deviation (SD) 17 years]. A total of 652 living controls (70 % males, 30 % females) were selected from HILDA. Their mean age was 37 years (SD 16 years).
Missing data
We found missing data for five variables in cases and controls. These were marital status (cases: 35.9 %, controls: 0.3 %), employment status (cases: 20.4 %, controls: 0 %), diagnosed mental illness (cases: 15.2 %, controls: 14.7 %), the number of surveillance units (cases: 8.5 %, controls: 12.6 %) and patronage volume (cases: 11.4 %, controls: 15.6 %). Because there were substantial differences in the proportion of missing data between cases and controls for the variables of marital status and employment status, we removed them from the multivariate analysis. We retained the other three variables.
Findings from the univariate analyses Table 1 presents the results from the descriptive and univariate analyses for individual-level variables and Table 2 demonstrates the results for community-level variables. At individual-level, all included variables (e.g., marital status, employment condition and diagnosed mental illness) were significantly associated with the odds of railway suicide. At community level, presence of railway tracks, frequency of train services, station density and proportion of people travel to work by train were associated with the odds of railway suicide. Area remoteness and overall suicide rate were also a significant community-level factor for railway suicide.
Findings from the multivariate analysis
In the multivariate analysis for community level, presence of railway tracks, remoteness and overall suicide rate were significantly associated with the odds of railway suicide. We therefore entered these variables and individual-level mental illness simultaneously into the final multivariate model as shown in Table 3 , along with socioeconomic status of the area to control for possible confounding effects.
The final model showed that all entered variables remained significant. People diagnosed with a mental illness had sixfold increased odds of railway suicide compared to those had no diagnosed mental illness in the past 12 months before death [odds ratio (OR) 6.4, 95 % confidence interval (CI) 4.5, 9.2]. In comparison with individuals lived in an area without a presence of railway tracks, those lived in an area with a presence of railway tracks had doubled the odds of railway suicide (OR 1.8, 95 % CI 1.2, 2.8). People lived in an urban area also had elevated odds of railway suicide than those lived in a regional or remote area (OR 3.2, 95 % CI 1.9, 5.4). There was higher odds of railway suicide among people lived in an area with rising general suicide rate (OR 1.02, 95 % CI 1.01, 1.04). The effect of individual-level factor was greater than the effects of community-level factors on individual odds of railway suicide. There was no evidence of an interaction between individual-level mental illness and community-level number of mental health services.
Findings from the sensitivity analysis
In the population averaged multilevel model, 343 cases and 1715 living controls were included in the analysis. Table 3 shows that the odds estimated from the multivariate conditional logistic regression model were similar to the odds estimated from the population averaged multilevel model, but with slightly smaller magnitudes for all included variables. 
Discussion
Main findings
The key factors for railway suicide included diagnosed mental illness at individual-level and living in an area with a presence of railway tracks, within a city, and with a high overall suicide rate at community-level. Individual-level factor had a stronger influence on railway suicide than community-level factors.
Strengths and limitations
This is the first study, to our knowledge, that simultaneously examined individual-and community-level factors on individual odds of railway suicide. The case control design is particularly suitable for the study on the determinants of railway suicide as a rare event. The controls were generally a representative sample of Victorian population. Their individual information are collected every year and this enabled matching to cases on age groups, sex and year of exposures and generating an average of 1.9 controls for each case every year. By doing so, we would be able to ensure same temporal period of reporting for cases and controls to minimize information bias and provide more accurate estimates of odds. Our choice of control was also enable us to ensure that cases and control arose from the same source population, thus reducing the likelihood of bias and following the best practice in epidemiology [12] . This study has some limitations. First, railway suicide data may be under-reported due to the frequency of active coronial investigations and misclassification of suicides as other causes of death (e.g., undetermined intent or unintentional) [20] . Second, as in other longitudinal studies, HILDA is subject to attrition bias (i.e., people dropping out as a result of refusal, death, or inability to locate them). Its attrition rates were 13.2 % in 2002 and less than 10 % in the following years [21] . We believe that such small attrition does not prominently affect the generalization of our findings. Third, approximately 8 % of individuals who died by railway suicide were a psychiatric inpatient at the time of death and five of them have their psychiatric hospital (temporary residence) recorded as usual residence. This might have somewhat affected the results at community-level. Fourth, one variable (e.g., mental illness) with missing data were included in the final model. However, this is unlikely to have influenced the main findings because the proportions of missing data in cases and controls were fairly similar. Fifth, some area-level data are not available for the whole study period. These data were based on the data most closely to the year of exposures. However, our assumption that these data stay constant across non-data years is unlikely to have significantly changed the main findings. Sixth, our controls were sampled from the same population but different data source as the cases. Nevertheless, the bias induced from using different data source should be minimal because the controls were drawn proportional to the same year at risk as the cases and the individual-level estimates in our controls were similar to the estimates in general population such as the proportion of mental illness in our controls was close to the proportion found in a review on suicide (indicated above). Seventh, we excluded people who had missing usual residential postcode from our analyses, which may contain those who did not have fixed home address or were homeless. It is not uncommon that these people have their temporary shelter near to railway tracks and they may have high risk of suicide on the railways resulted from their accessibility to the tracks. Such exclusion may have weakened the relationships between some train-related factors and individual risk of railway suicide. Lastly, we included proxy measures for familiarity with trains (e.g., proportion of people travel to work by train). As such, higher proportion of this variable does not infer that railway suicide victims used train as their transport to work and therefore were familiar with trains.
Interpretations
Our work shows that diagnosed mental illness was a relatively strong predictor of railway suicide. This is consistent with the previous studies, indicating there is a high prevalence of mental illness among people who died from railway suicide. For example, a review of five studies based on the UK, Denmark, Australia, and The Netherlands reported that nearly two-thirds of railway suicide deceased had a known history of mental illness [2] . A study in Canada found that 86 % of individuals who ended their own lives on the railways had been diagnosed with a mental illness [22] . However, mental illness is also a wellknown risk factor for suicide in general [23] . Therefore, the role of this factor is neither specific nor novel for railway suicide.
Our finding that individuals lived in an area where railway tracks were present had higher odds of railway suicide further strengthens the evidence of the availability of suicide method in relation to suicide risk [24] . For example, in England and Wales, the increased use of domestic coal gas was associated with an increase in suicides by gassing [25] . In the US, some researchers interviewed the next of kin of persons who died from railway suicide reporting that over three-quarter of these persons had no access to a firearm at the time of suicide [26] . Despite firearm being the leading suicide method in America [27] , the inaccessibility of this means and the close proximity of railway tracks to the persons' home seemed to increase the risk of railway suicide in these vulnerable persons [26] . We therefore suggest that limiting access to the railway tracks might avert the tragedies of railway suicide. This intervention has been proven to reduce the number of suicides at suicide hotspots by 91 % [28] and reduce over 59 % of railway suicides in Hong Kong and Japan [29, 30] . We found significantly more individuals died by suicide on the railways lived in urban areas than in regional or remote areas. This supports the finding in Sweden, where railway suicides were often located in urban areas [31] . One of the plausible explanations for the impact of urban residence on railway suicide is the close distance between railway tracks and residences in that area. Urban residences are always located nearer to the railways compared to regional or remote residences. This finding again suggests that accessibility to the railways is an important risk factor for railway suicide.
Our work also indicates that an increase in community-level overall suicide rate was associated with elevated individual odds of railway suicide. This is likely to be explained by the effect of exposure to suicide (commonly referred as contagion effect-the process whereby one suicidal act in a community increases the probability of the others in the community imitating the act [32] ). Past research revealed that young people are particularly vulnerable to suicide contagion [33] . Our cases were largely young people. Thus, we would argue that exposure to suicide in close proximity put them at increased odds of suicide and the contagion effect is likely to be evident on railway suicide where access to the means is also ready.
Despite previous literature having shown that mental health services play an important role in preventing suicide [34, 35] , we found mental health services in a local area had no significant relationship with individual risk of railway suicide. It is possible that this variable is not a good proxy measure for individual utilization of mental health care as people who at risk of railway suicide may not seek mental health support. We suggest future research to assess service utilization at individual level where possible.
Conclusions
This study provides the first piece of evidence that mental illness, high local suicide rate, presence of railway tracks, and city residence were independently associated with an increased individual risk of railway suicide. Our findings strengthen the previous findings on railway suicide at both individual and community levels and show individual factor has a stronger impact on railway suicide compared to community factors. However, mental illness and high incidence of overall suicides are factors that are not specific for railway suicide. The effects of a presence of railway tracks and city residence suggest that accessibility to the railways plays a vital role on railway suicide. This work proposes that interventions to reduce the tragic events of railway suicide should focus on vulnerable people live in areas with easy access to the railways. Restricting access to the railway tracks is therefore a potential intervention to prevent railway suicides. This can be done by installing physical barriers along the railway tracks and increasing surveillance by railway staff and protective service officers in high-risk areas. Finally, this work shows local community connectivity, socioeconomic condition, physical and family violence, availability of mental health care and concentration of alcohol outlets have no significant impact on individual risk of railway suicide.
